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Abstract
Background: Partial anomalous pulmonary venous return (PAPVR) is a congenital heart defect. Reports of repair and
treatment in pediatric cases have been published, but incidence of PAPVR in adults is not common. To our knowledge, there has not been a diagnosis of left-sided PAPVR after a heart transplant an in adult patient.
Case presentation: A 62-year-old patient with ischemic cardiomyopathy and systolic heart failure underwent
orthotopic heart transplantation. The immediate post-operative course was remarkable for an elevated cardiac index
and pulmonary artery pressures as well as decreased systemic vascular resistance. The post-operative echocardiogram
did not reveal an intra-cardiac shunt. However, computed tomographic angiography (CTA) showed a left superior
pulmonary vein draining into the innominate vein. Operative repair of the left superior pulmonary venous connection
to the left atrial appendage was completed under cardiopulmonary bypass with beating heart. Her hemodynamics
improved immediately, and she had an unremarkable postoperative course.
Conclusions: While uncommon, any patient with a high cardiac output and abnormal hemodynamics after heart
transplant should be evaluated for the existence of a shunt. While not a part of all traditional preoperative imaging
protocols, a chest CTA should be considered if PAPVR is suspected as it can both diagnose the condition and enable a
plot of the corrective course of surgical action.
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Background
Partial anomalous pulmonary venous return (PAPVR)
is a congenital abnormality where a single, or some,
pulmonary veins fail to establish connection to the left
atrium. As a result, one or more pulmonary veins drain
anomalously to the right heart through the right atrium
(intracardiac) or a systemic vein (extracardiac) [1]. Most
commonly, the right-side pulmonary veins are involved
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in this abnormal connection in children, with the coexistence of an atrial septal defect [2]. Left-sided PAPVR
is rarer and accounts for 10% of all reported PAPVR
cases [3]. Adults with undiagnosed PAPVR may have an
intact atrial septum and no pulmonary vein obstruction,
resulting in minimal symptoms until an additional insult
occurs to the heart. Because it is uncommon, the diagnosis of PAPVR may be overlooked. Herein, we report a
unique case of adult, left-sided PAPVR that was identified after an orthotopic heart transplant (OHT).
Case presentation

A 62-year-old female underwent a diagnostic left heart
catheterization in 2012. The procedure was complicated
by a left main coronary artery dissection requiring an
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(Fig. 2). The venous connection was completely mobilized, a tributary branch was ligated, and the vein was
transected at the innominate level. After mobilizing the
vein, an end-to-side anastomosis was made between
the LSPV and the donor heart left atrial appendage
while under cardiopulmonary bypass with beating heart
(Fig. 3). The heart and lung machine was used to avoid
hemodynamic instability during the exposure of the left
atrial appendage for the anastomosis. After the anastomosis and hemostasis, the patient was weaned from
cardiopulmonary bypass and no inotropic support was
required. The cannulas were removed after protamine
was administered. The chest was closed in standard fashion, and the patient recovered in the intensive care unit.
The patient was discharged home on Day 15.

emergent coronary artery bypass graft (CABG) of the left
anterior descending coronary artery and the obtuse marginal artery. Unfortunately, the dissection of her left main
coronary artery resulted in the worsening of the patient’s
heart failure symptoms despite the emergent CABG.
Since the patients’ ejection fraction after CABG never
improved, she transferred to our advanced heart failure
clinic. Over two years, multiple right heart catheterizations (RHCs) were completed; Fick method calculations
consistently demonstrated a normal cardiac index. However, the patient experienced worsening symptoms. Once
she was profoundly symptomatic, her case was presented
at the medical review board, and she was approved for
an OHT. Her transplant was uneventful; however, during surgery an abnormal amount of blood was noted
draining from the pulmonary veins. Her initial 24-h postoperative course was remarkable for a high cardiac index
and right ventricular (RV) cardiac output, a low systemic
vascular resistance, and an elevated pulmonary pressure
(Table 1).
While a shunt was suspected, an iatrogenic shunt was
ruled out via bubble echocardiography. However, computed tomography (CT) scans revealed an abnormal left
superior pulmonary vein draining into the innominate
vein (Fig. 1). The CTA demonstrated the presence of an
extracardiac shunt in the form of PAPVR.
After a multidisciplinary decision to pursue operative
repair, the chest was re-opened. The left superior pulmonary vein (LSPV) was identified and visualized. A careful dissection was initiated from the pulmonary hilum
toward the innominate vein outside the pericardium

Discussion and conclusions

Imaging studies contend that PAPVR exists in about
0.1–0.2% in the general adult population [4]. However,
an autopsy series found that PAPVR is found in 0.4% of
cases [5]. In contrast to symptomatic pediatric cases,
adults with undiagnosed PAPVR have a silent clinical
course or mild symptoms. Typically, these patients have
intact atrial septum and no pulmonary vein obstruction.
If found, surgical repair is possible. Majdalany and colleagues reported the identification of PAPVR in 43 adult
patients; of those, 28 elected for operative repair in the
setting of isolated pulmonary venous connection [2]. Surgical morbidity and mortality were low in their series and
most improved the right ventricle size and pulmonary
pressures [2].

Table 1 Cardiac measures of case over time
RA
pressure
(mm Hg)

RV
pressure
(mm Hg)

PA
pressure
(mm Hg)

PA
PCWP
saturation (mm
(%)
Hg)

SVR in (dynes/
seconds/cm−5/
WU

Fick cardiac
output/cardiac
index

Arterial
saturation
(%)

Hemoglobin

20 months prior
to transplant

2

34/1

36/11

71.5

10

1092/13.6

5.93/3.48

93

12.3

16 months prior
to transplant

12

63/8

64/27

68.3

38

1490/18.6

4.08/2.43

94

14.7

POD-30

11

72/10

68/33

73%

33

1576/19.7

4.11/2.54
TD: 3.87/2.39

99

14.2

POD-12

4

33/5

33/10

65%

15

1147/14.3

5.02/2.96
TD: 5.07/2.99

92

14.2

POD-3

14

65/11

65/35

65%

37

1222/15.2

5.17/2.99
TD: 2.78/1.60

98

9.0

Transplant surgery (POD 0)

11

32/14

75%

12

613/7.6

9.0/5.1

98

10.0

Repair surgery
POD 2

9

30/14

65%

10

1445/18

5.7/3.2

98

10.2

POD 17

10

36/10

34/21

60.2

19

1301/16

5.1/2.88

96

8.9

POD 60

4

21/2

24/12

71%

8

1136/14

5.7/3.5

93

11.9

RA right atrial, RV right ventricle, PA pulmonary artery, PCWP pulmonary capillary wedge pressure, POD post-operative day
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Fig. 2 The venous connection between the left superior pulmonary
vein and the innominate vein is shown. A branch was ligated with silk
suture

Fig. 1 a The computed tomography (CT) image (sagittal view) shows
the left superior pulmonary vein draining into the innominate vein. b
CT Image with an alternate contrasting

The systemic venous connection found in adult PAPVR
patients is a left-to-right shunt that can lead to high RV
cardiac output and heart failure. These patients are at risk
for developing pulmonary arterial hypertension due to
chronic volume overload. Further, if an additional insult
occurs to the heart, symptoms and complications from
PAPVR result.
In the presented case, the patient initially tolerated
the amount of left-to-right shunt throughout her adulthood. Symptoms of PAPVR began after the coronary

Fig. 3 The anastomosis between the left superior pulmonary vein
and the left atrial appendage is visualized

dissection and continued to worsen for which she underwent OHT. Based upon the hemodynamics, a shunt was
expected; however, echocardiography imaging was negative for intracardial shunt. Importantly, the use of CTA
confirmed the PAPVR diagnosis. The documentation of
a LSPV draining into the innominate vein was crucial;
thus, CTA is the gold-standard imaging tool to diagnose
PAPVR.
This clinical entity is not common, and few guidelines
for newly diagnosed congenital heart disease in adults
older than 40 years old have been published [6]. Surgical
repair was relatively straightforward and re-established
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the natural connection between the anomalous vein and
the left atrial appendage.
The decision of immediate surgical repair is paramount
in this case. The transplanted right ventricle is not conditioned for pulmonary artery over-circulation and right
ventricular load, as this can lead to early heart failure
and, potentially, decreased life expectancy.
In 2015, Ksela and colleagues reported the successful completion of an OHT with concomitant repair of
PAPVR [7]; however, no other published literature on the
repair of PAPVR in adult OHT patients is available. Thus,
while infrequent, the transplant community should consider PAPVR if a patient demonstrates high RV cardiac
output and irregular hemodynamics with no intracardiac
shunt.
Abbreviations
CABG: Coronary artery bypass graft; CT: Computed tomography; HFrEF: Heart
failure with a reduced ejection fraction; LSPV: Left superior pulmonary vein;
OHT: Orthotopic heart transplantation; PAPVR: Partial anomalous pulmonary
venous return.

Page 4 of 4

and understands that the text, pictures and videos published may be freely
available on the website of the publisher and may be seen by the general
public. The medical information provided may also appear on other websites
or in print, may be translated into other languages or used for commercial or
educational purposes. She acknowledges and understands that she has the
right to refuse permission at any time and it will not affect her health-care
services at any time. She releases and the authors and publishing journal
and all parties acting under their license from any payment claim related to
distributing or publishing the information.
Competing interests
The authors declare that they have no competing interests. While physicians
disclose receiving in-kind contributions related to education, travel or food
and lodging from pharmaceutical or device companies, none were related to
this manuscript or rise to the level of a conflict of interest.
Author details
Department of Advanced Cardiopulmonary Therapies and Transplantation,
Center for Advanced Heart Failure, The University of Texas Health Science
Center at Houston/Memorial Hermann Hospital – Texas Medical Center, 6400
Fannin St., Suite 2350, Houston, TX 77030, USA. 2 Department of Internal Medicine, Divisions of Critical Care, Pulmonary and Sleep, The University of Texas
Health Science Center at Houston/Memorial Hermann Hospital – Texas Medical Center, Houston, TX, USA. 3 Pediatric Cardiothoracic Surgery, The University
of Texas Health Science Center at Houston/Memorial Hermann Hospital –
Texas Medical Center, Houston, TX, USA.

1

Received: 31 March 2020 Accepted: 9 December 2020

Acknowledgements
The authors acknowledge the editorial services of R. Michelle Sauer, Ph.D., ELS.
Authors’ contributions
IAS wrote the first draft of the paper. MP, BA, JS, BK and IDG all participated
in the case and provided feedback and edits to the draft and revision. IDG
provided supervision and will act as the guarantor of the project. All authors
read and approved the final manuscript.
Funding
No funding was received for this work.
Availability of data and materials
The dataset used for this case report is available from the corresponding
author on reasonable request. All data was obtained from the patient’s electronic medical record.
Ethics approval and consent to participate
As this is a case study, an IRB review was not necessary.
Consent for publication
Written informed consent was obtained from the patient for publication of
this Case Report and any accompanying images and videos. A copy of the
written consent is available for review by the Editor of this journal. The patient
was provided the draft of this manuscript. The written informed consent
document details the following: We have permission to published the description of the case in a peer-reviewed medical journal and it may be presented as
medical conferences. She authorized that relevant portions of personal medical information may be used. She acknowledges and understands that the
information will be published and presented without identifies, such as name
or birthday, but that anonymity cannot be guaranteed. She acknowledges

References
1. Marini TJ, He K, Hobbs SK, Kaproth-Joslin K. Pictorial review of the
pulmonary vasculature: from arteries to veins. Insights Imaging.
2018;9(6):971–87.
2. Majdalany DS, Phillips SD, Dearani JA, Connolly HM, Warnes CA. Isolated
partial anomalous pulmonary venous connections in adults: twenty-year
experience. Congenit Heart Dis. 2010;5(6):537–45.
3. De Brucker Y, Ilsen B, Muylaert C, Goethals L, Nieboer K, Fares A, et al.
Report of a rare anatomic variant: left upper lobe partial anomalous
pulmonary venous return. JBR-BTR. 2015;98(1):37–8.
4. Babb JD, McGlynn TJ, Pierce WS, Kirkman PM. Isolated partial anomalous
venous connection: a congenital defect with late and serious complications. Ann Thorac Surg. 1981;31(6):540–1.
5. Healey JE Jr. An anatomic survey of anomalous pulmonary veins: their
clinical significance. J Thorac Surg. 1952;23(5):433–44.
6. Bhatt AB, Foster E, Kuehl K, Alpert J, Brabeck S, Crumb S, et al. Congenital
heart disease in the older adult: a scientific statement from the American
Heart Association. Circulation. 2015;131(21):1884–931.
7. Ksela J, Frljak S, Poglajen G, Vrtovec B, Knezevic I. Successful heart transplantation in an adult patient with partial anomalous pulmonary venous
return from the left upper lobe. Int J Cardiol. 2015;186:106–8.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

